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Abstract
The sympathetic chain serves to distribute visceral efferents and afferents over the entire body.
The sympathetic chain courses from the base of the skull to the coccyx and sends branches to
distribute along spinal nerves and a number of visceral nerves that distribute to cardiac muscle,
smooth muscle and glands. During dissection of the posterior abdominal wall, we identified a
rare variation of the sympathetic chain. In this subject, the sympathetic chain failed to send gray
rami to the L2-4 spinal nerves and terminated by joining the S1 anterior ramus. Such a variation
has only been reported once in the literature in 1895. We provide both schematic and
photographic documentation of this variation and propose a number of possible circuits whereby
visceral axons can reach their target despite these anatomical barriers.
Key words: anatomy, neuroscience, neuroanatomy, human body

INTRODUCTION
The sympathetic component of the autonomic nervous system includes an efferent chain
of two neurons and axons of primary afferent neurons. The first of the two efferent neurons, the
preganglionic or presynaptic neurons, have cell bodies in the interomediolateral cell column
(IML CC) in the spinal cord [1]. The IML CC extends from the first thoracic segment to the 2nd
or 3rd lumbar segment [1]. The second of these two neurons, the postganglionic or postsynaptic
neuron, has a cell body in a peripheral ganglion, either the sympathetic chain or ganglia situated
anterior to the aorta in the abdominopelvic cavity [1]. Coursing with these efferent axons are
afferent axons derived from neurons in the posterior root ganglia from the same levels (T1-L2)
[2].
The sympathetic chain serves as a superhighway for distribution of both efferent and
afferent axons concerned with innervation of glands, smooth and cardiac muscle literally
everywhere in the entire body [2]. The sympathetic chain extends from the base of the skull [1],
although there are reports of a ganglion cells across anterior communicating artery (ganglion of
Ribes; [3], to the tip of the coccyx at the ganglion impar (coccygeal ganglion of Luschka). The
sympathetic chain receives white rami from the T1-L2 spinal nerves (figure 1). Some resources
state white rami are found at C8-L3 spinal nerves [4]. These white rami transmit preganglionic
sympathetic efferent axons from cell bodies in the IML CC and afferent axons from
pseudounipolar neurons in posterior root ganglia at spinal levels T1-L2 [2]. Through additional
rami the sympathetic chain innervates portions of the vertebral column and associated ligaments
[5]. A number of visceromotor ganglia are situated along the course of the sympathetic chain
(figure 1). In the cervical region there are only 3 to 4 ganglia, but in the thoracic, lumbar and
sacral regions there are typically chain ganglia at every spinal level [1]. Some reports state there
may be only 3-4 lumbar ganglia with that of the L5 level being the most consistent [4,6].
The sympathetic chain forms numerous branches to distribute efferent and afferent axons.
Specifically, the sympathetic chain sends gray rami carrying postganglionic efferents and
primary afferent axons into each spinal nerve (figure 1) [2]. For the lower extremity,
preganglionic cell bodies are located in the IML CC at T10-L2 and the efferents are situated in
posterior root ganglia at the same spinal levels [2].
A number of branches distribute postganglionic efferents and primary afferents including
the internal carotid nerve, the external carotid nerve, and numerous branches distributing to the

pharynx, larynx, and thoracic organs. Additionally, there are numerous splanchnic nerves
(greater, lesser, least, lumbar and sacral) that distribute preganglionic efferents and primary
afferents to preaortic ganglia and plexi in the abdominopelvic cavities (figure 1) [2].
While there are numerous reported variations of the cervical and thoracic sympathetic
trunk, reports on variation of the lumbar or sacral aspects of the sympathetic chain, including
abnormal termination are extremely rare [3, 7, 8, 9]. There is a report of lumbar splanchnic
nerves intermingling with gonadal vessels [10]. Webber reports possibilities of accessory
sympathetic ganglia that may or may not connect to the sympathetic chain [6]. Another report
details an accessory hypogastric nerve and an additional pelvic splanchnic nerve originating from
the S1 sacral root [11]. There is a single report of a sympathetic chain terminating prematurely
by joining one of the sacral anterior rami [12]. In this report, the right sympathetic chain
terminated by entering the anterior aspect of the S2 anterior ramus directly anterior to the S2
sacral foramen. Only one sacral ganglion was present and this was found anterior to the S1
anterior ramus. However, this report included only a brief description and unfortunately no
images of the variation.
CASE REPORT
The specimen used in this case report was obtained through the Humanity Gifts Registry
of Pennsylvania (USA) and was used in accordance with its educational mission.
Dissection of the posterior abdominal wall of a 60-year-old male (cause of death: natural
death, failure to thrive, severe general debility, severe generalized atherosclerosis, and coronary
artery disease) in the Anatomy lab at the Lake Erie College of Osteopathic Medicine revealed a
peculiarity of the sympathetic chain. Specifically, on the left side of the body, the sympathetic
chain was found to form a number of lumbar splanchnic nerves (figure 1 and figure 2, white
arrowheads) that ran anterior, inferior and medial to join the superior hypogastric plexus (figure
2). The sympathetic chain continued along the posterior abdominal wall and ran posterior to the
common iliac artery and vein. The chain contributed a large gray ramus (figure 2, red arrowhead)
to the L5 anterior ramus and then terminated by joining the anterior aspect of the S1 anterior
ramus (figure 1, yellow arrowhead; figure 2, yellow wire). No gray rami were found to join the
ventral rami of L2-4.

DISCUSSION
Formation of the sympathetic chain begins around embryonic days 30-36 from neural
crest cells along the dorsolateral aspect of the developing spinal cord; these cells differentiate
into catecholaminergic ganglionic neurons destined for the sympathetic chain [13,14]. By
embryonic days 37-39, the sympathetic chain expands and forms connections with preganglionic
sympathetic nerve fibers [13]. By embryonic day 44, the ganglionic cells begin to condense and
form ganglia at each segmental or spinal level [13]. The ganglia and chain continue to grow and
mature throughout gestation to distribute sympathetic axons throughout the body [15]. The
variation found in this case report constitutes an abnormal connection of the sympathetic chain
that most likely arose during early embryonic development. While this finding appears to be
extremely rare, it nonetheless results in an abnormal pattern of innervation from the lumbar
sympathetic chain and could contribute to surgical complications during approaches to the
lumbar spine [5,16,17].
Sympathetics distribute everywhere in the entire body through three basic circuits.
Sympathetics distribute to the body wall via the sympathetic chain and gray rami that join the
spinal nerves and/or ventral rami and distribute along peripheral nerves to smooth muscles and
glands [2]. Distribution to organs in the head, neck and thoracic cavities involve postganglionic
branches from the sympathetic chain [2]. Finally, sympathetics distribute to abdominopelvic
organs via splanchnic nerves, preaortic ganglia and the hypogastric plexus [2]. The subject of
this case study had no sympathetic chain below S1 on the left and as such, no sacral splanchnic
nerves on the left side (figure 1). Our interpretation of this anatomical variation is based on two
assumptions. First, that sympathetics go everywhere and second, that the body is always right.
Therefore, we believe that despite this anatomical variation, the body finds routes or connections
to distribute sympathetics to all the organs, vessels and skin and that the novel pathways in this
subject were functional. Accordingly, sympathetic innervation to the abdominopelvic viscera was
likely achieved by the lumbar splanchnic nerves and the hypogastric plexus.
More complicated though, this subject also had no gray rami from L2-4 and below S1
(figure 1 and 2). The gray rami joining L5 and S1 on the right side were large. We suspect these
gray rami distributed postganglionic sympathetic axons and visceral afferents across all sacral
and coccygeal dermatomes. We propose three possible routes for this to occur. First, that axons
from the gray rami joining the L5 and S1 rami distributed into the sacral plexus and coursed

retrograde into S3 through coccygeal levels and then followed these nerves to the body wall.
Alternatively, axons from these gray rami may follow branches from the sacral plexus (to S2)
and then overstep their dermatome boundaries in the skin to supply skin in S3, S4, S5 and
coccygeal dermatomes. Finally, it is possible that axons from the lumbar splanchnic nerves on
the right side course through the mesenteric and hypogastric plexi, hypogastric nerves and
inferior hypogastric plexus and then course retrograde through pelvic splanchnic nerves (figure
1, green arrowheads) to join the ventral rami of S2-4. Regardless of the pathway employed in
this subject, we believe all of the smooth muscle and glands in the sacral and coccygeal
dermatomes receive sympathetic innervation.
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Figure 1. Branching from the subdiaphragmatic sympathetic chain. Shown on the subject’s right
side (R) is the normal pattern of branching from the sympathetic chain (yellow). This includes
white and gray rami to the T12 - L2 and gray rami to the remaining ventral rami (blue
arrowheads), lumbar splanchnic (white arrowheads) and sacral splanchnic nerves. Preaortic
ganglia are found at the roots of the celiac, superior mesenteric (SMA) and inferior mesenteric
arteries (IMA). The superior hypogastric plexus (SHP) distributes sympathetics to pelvic organs
via hypogastric nerves (HN) and the inferior hypogastric plexus (IHP). Note the sympathetic
chain continues all the way to the coccyx. The left side (L) shows the pattern found in this case
study. Specifically, note the sympathetic chain fails to send branches to the ventral rami L2-4 and
terminates by joining the S1 ventral ramus (yellow arrowhead). Pelvic splanchnic nerves are
indicated by green arrowheads. Abbreviations: A — aorta, EI — external iliac.

Figure 2. Branches and distribution of the left sympathetic chain. A colorized view of the
sympathetic chain and plexus is shown in A; an uncolored version is shown in B. The aorta (A;
red) is lifted and rotated to the right to show the branches from the sympathetic chain
(arrowheads). All of the sympathetic branches are colored in yellow. A number of lumbar
splanchnic nerves (white arrowheads) are seen to join the superior hypogastric plexus (SHP). A
gray ramus (red arrowhead) joins the L5 anterior ramus. In A and B, the sympathetic chain joins
the anterior ramus of S1 (yellow wire). The union of the sympathetic chain and S1 is shown
enlarged in C. Abbreviations: CE — cauda equina, EI — external iliac, F — femoral nerve, II —
internal iliac, IMA — inferior mesenteric artery, LCI — left common iliac, LH — left
hypogastric nerve, LST — lumbosacral trunk, O — obturator nerve, R — renal artery, RH —
right hypogastric nerve, RCI — right common iliac, SHP — superior hypogastric plexus.

